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@ Method and apparatus for weighing loads lifted by hydraulic devices.' 

@ A method of weighing a load previously lifted by hyd- 
raulic devices, consists of carrying out an approximate •* 
weighing of the load at the . end of the lifting phase, by 
determining the value of the weight from the pressure of the 
fluid which actuates the lifting of the load. 

In a second step, a series of v/eighings is carried out, 
always based on the pressure of the hydraulic fluid after the 
load has been lowered for a period of time which is inversely 
"proportional, in accordance with a linear function to the 
approximate weight of the load previously determined or is 
fixed independently of the load' and is between 80 and 
800 msec. 

The average of the values of these weighings is deter- 
mined and the values which differ by more than a predeter- 
mined amount are discarded. 

The measurements are corrected according to a calibra- 
tion table which is previously prepared for each apparatus. 




Croybon Printing Company Ltd. 



METHOD AND APPAKATDS FOR WEIGHING LOADS LI|-TED BY 
DEVICES ' 
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The present invention relates to a method and an apparatus 
which penult to measure In a very accurate inanner. the weight ' 
of loads which are lif ted .by hydraulic devices such as; f or " ' 
instance a dolly elevator. 

It is well known that in .«ny industrial and connnercial sectors 
the necessity exists of veighing substantial quantities of xnate- 
tlal Which .ay be finished products, Berchandlse and se»if inished 
articles. .. ' 

This step of weighing is necessary for a number of reason, for 
instance, to determine the overall price of the merchandise, to " 
detennlne the cost of labor of a substantial nuxuberof unfin-: - 
ished or se.l-flnished items which are delivered to other com- • 
panles -^-^^ will take care of the external transformations, to ■ 
determine the cost of transportation of the same quantity of mer- 
chandise, to comply with the limits of the. load of .transportatioh ■ 
.eans and/or also for a correct listing of .he documents which must 
accompany the merchandise up tp the place of delivery/unloading . 

Up to the present time, the weighing of substantial quantities of 
merchandise has been carried put by means of fixed weighing devices 
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which frequently are located at a substantial distance from the 
place where, the merchandise to be weighed , is located. 

For the purpose of avoiding the' substantial problems involved in 
a similar system of weighing, in view of the, fact that these 
great loads or substantial quantities of merchandise are generally 
moved by means of hydraulic devices such as dolly eleVators, the 
proposal has been made to carry out the weighing step simulta- 
neously with the movement of the merchandise by means of the hy- 
draulic devices. 

According to known proposal, there, is used a transducer of pressure 
which is associated with the flat car of the hydraulic device being . v 
used for lifting the merchandise, this transducer being capable pf 
generating an electric signal proportional to the weight being 
lifted, the electric signal being then read after appropriate con- 
version on a scale which reports th€f weights of the merchandise • 

The reading of the weight is carried out during the step of , lifting 
the load, a fact which causes a very substantial inaccuracy in the 
measurements due to the inertia of the load being lifted and also the 
losses due t o friction of the system. 

For the purpose of avoiding this drawback, the proposal has been made 
to read the weight after a .certain amount of time, that is when 
the flat car has completed the lifting course, so that it is possi- 
ble to correct the losses due to friction through an appropriate 
calibration of the device- 

The correction mentioned hereinabove, however, does not eliminate 
the errors due to the drawing of the fluid being used during the 
lifting step. . . 
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The method also involvesi r^.^ ^ ■ ■ ^ 

nvolves the step of mathematically filtering and . 
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determining the average of the values of each series, leaving 
out the values which differ from the average pressure by an 
amount euperipr to a pre established and acceptable reject value 
which may be avaluated between 0»8Z and 1.2% with respect to the 
average value. * 

Finally » the method according to the present invention . involves 
the step of determining the average of the average values meas- 
ured ; previously and comparing the resu lt with a table which 
gives the relationship between the press ure a nd thg weight sto jcfid 
"in a processor and interpolating the values of the table in order, 
to determine the actual weight of the load. 

This table is prepared by cal ibration for every type of machine 
load or machines with known weights and proceeding according to 
the above procedure. 

In accordance with, the method oif the present invention i the suc- 
cessive lowerings of the load have a duration of time which is 
'inversely proportional to the approximate value of the weight 
of the load which has been lifted and this is for the pui^ose ^ 
of maintaining the effects of the forces of inertia of the masses 
in motion contained in a limited field so as not to cause damage 
to the pressure transducer* 

In other words, during the stages of lowering the. load, . the . fluid 
■which supports the load is subjected to forces of inertia and to 
an impulse which is 'substantially constant no matter what the 
weight of the load is and which may, therefore, be predetermined 
with a good approximation. 

Alternately, the successive lowerings may have a duration which 
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is independent of the load, but still comprised between 80 and : 
800 nlUlseconds. 

It is, therefore, foreseen that each one of these aeries of sue' ' ■ 
c.s.ive. weighings carried out at the end of an Increment of 

tin.e oflowerlne ,f the load be characterized by pressures Which ' ■ 
do not exceed the values tolerated by the transducer and this 
condition Is maintained iudependently of the load. 

In addition, the curves of the pressure during the oscillations' " ^ 
of the transitory condltlbn- are all similar, with values which 
^re the maximum and the minimum and yith periods which are com- ' ' 
parable among themselves. 

The apparatus, for carrying out the method according to the pre- ■ 

sent invention comprises, according to the invention, a valve 
Which is ordinarily plosed and which is located along an un- ' 
loading conduit, the latter being connected in parallel to the 
, feeding branch of an hydraulic device for lifting the load .uch- ' ^ ' 
as the cylinder piston group of a dolly elevator; as well as a - ' 
reading element of the pressure- which exists upstream of the 
same valve, 

■This reading element is connected to an electronic circuit capa- ^ 
ble of converting and elaborating the signals emitted by the 
reading element and capable of imparting a command, after the 
lifting Of the weight has c.me to a stop,, to at least one opening " ' 
Of the- valve fo. a period of .time which is inversely proportional ■ 
to the weight of the load which has been lifted. 

^ This valve comprises a precision electrovalve and a calibrated ^ 
neck .Which is located downstream. • the latter being capable of 
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avoiding that the lo^d and the supporting structure acquire an 
excessive speed when the valve is open. 

. ■ . ' ' ' ' . ' ^ ■ ] 

In addition, the electronic circuit is connected to the valves 

5 as mdntioned hereinabove,, as well as to the means for presenting 
the :«?eights which have been measured which are displayed visually 
after the processor has provided for extrapolation of the value 
of the. curves of response described hereinabove and has provided 
for the elimination of the friction forces of the system, from the 

10 measurements being carried out. 

The present invention will be further clarified by the folloi^ng 
description and drawings in which Fig. 1 is a plock diagram of 
the apparatus used to carry out the method of this invention. 

15 . • ' ■ • \ ^ ' V- \ 

Fig. 2 illustrates the relationship between the durat^Lon of time 

and pressure. 

Fig. 3 illustrates the change of pressure with time and shows 
20 the diminishing oscillation with increase in time. 

It should be stressed that the method and the apparatus of the . 
present invention may be used with every apparatus for . lifting a 
load no matter whether the apparatus is fixed or semimovable 
25 where the lifting is carried out with an incompressible fluid, 
for instance hydraulic oil. 

For instance, a hydraulic device of this type is the device of 
dolly elevators in which the fork is controlled by at least, one 
30 cylinder-oleodinamic piston group. 

In any event, even if in the description which follows, reference 
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is being ,nade specifically to a dolly elevator and to its com- 
ponent .parts, this should not be construed as limiting ^^.e pres : " '^ ^ 
ent invention because the method and apparatus may be adapted to • 
any lifting device for a load Involving the use of hydraulic ' 



5 means 



In Fig. 1, numeral 1 designates schematically a group 1 whieh 
is a cyllnder-oleodynamlc pistpn and which is arranged upstream 
of the device (not shown) used for lifting and lowering the load 
10 With the ordinary loading fork supporting the load as well as a 
hydraulic distributor 2 with a box for. the command of the same 
^ groMp l.thls distributor 2 being connected to ' a hydraulic gear- 
box which provides oil under pressure (not shown). 

IS - Numeral 3 de^gnates a conduit -which cozu^ects group 1 to .the V . ■ 
distributor' 2. 

Tube 4 is connected to the conduit 3. 



20 



Along tub. 4 are Interposed a solenoid precision valve i as Well 

as neck. 6 downstream which is constituted of a calibrated orl- 
fice. , . . • . 

Tube 4 then unloads In reservoir ,7 whlchcontalns the hydraulic 
25 oil placed originally to actuate group 1. 

In actual practice, tube 4 is connected in parallel to the 
feeding-unloading branch of group 1. 

30 Upstream Of the electrovalve 5. tube 8 is connected to tube 4. ■ 
Tube 8 is connected at its end with an electric pressure tran- 
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sducer .9 capable of converting the values of the pressure present 
in 1 and 4 to an elctrical value proportional to the value of . 
the pressure. 

Transducer 9 may be of every known type and the signals at the 
exit may be in the form of current or voltage. 

For the sake of clarity in Fig. 1, tube 8 is connected to conduit 
4 at a point situated sufficiently away from group 1 but in actual 
practice, tube 8 may be connected directly or laay be very close 
to group 1 for the purpose of miniinizing the losses of the load 
due to the hydraulic circuits of the connection. 

This transducer 9 is connected at the end to a ;converter;10 which 
is constituted of a series of electronic circuits having high 
resolutions. 

These circuits are arranged to amplify the incbxiiing electrical sig 
nals and to convert the same from the initial analog form to a , 
digital form.' 

The latter, is then carried to circuit 11 which is an electronic 

processor circuit and to device .12 which displays, the data. . 

- ■ " ** ■ 

As shown in figure 1, the processor circuit 11 is also connected 
.with electro-valve 5 and with sensors .(not shown) provided in 
the dolly elevator as well as with other accessory electronic 
device which are generically designated by the numeral 13. 

The processor circuit 11 is constituted by a microprocessor 
having an integrated circuit having suitable devices for the 
acquisition and transmission of data while the device for display 
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of the data is constituted by an electronic visual display which 
may be of the type having liquid crystals or photoeidit ting dials 
or an equivalent . type . 

In addition, the sensors mentioned hereinabove are means for 
detection provided on the carriage for reasons of safety and 
control for the purpose of avoiding erroneous measurements due 
to the apparatus when the dolly elevator functions in an irreg- 
ular manner. 

For instance, these sensors^ may include tracer points of stop 
for group 1; means of detecting eventual permanent deformations 
which occur on the mobile structure of the carriage and means 
of the constant control of the feeding voltage and absorbed cur-* 
rents, that is an auto-diagnosis circuit. . 

In addition, the devices designated: by numeral 13 are accessory 
electronic devices which may include peripheral units for col-, 
lecting and displaying information inherent to the measurements 
carried out with the apparatus, for instance printing units, ' 
recorders, totalizers and units for the determination of the num- 
ber of pieces which are accumulated, in a random fashion in a 
load lifted by the carriage. 

.. ■ '. ' f ■ ■ . .. . 

Other details with respect to units 10, 11, 12 and 13 are not 
b^ing discussed herein because the characteristics and functions 
are well known to the people experienced in the field and who op- 
erate in the sector of acquisition/processing/transmission/ 
display of data. 

The method of weighing in accordance with the present invention 
will be described hereinbelow keeping in mind the details dis- 
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cussed hereinabove and additional details which will be provided. 



At the outsets the method is based on the principle that in the 
case of an incompressible fluid, the pressure is 'transmitted, 
in an identical manner in every direction. ' 

The method is also based on the fact that once the area on which 
the pressure operates is known, it immediately follows 'to deduce 
the force induced from the pressure in that area and vice versa. 
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Therefore, the useful section or the section of thrust of group 
1 is a constant value which is stored in the memory of the pro- 
cessor 11 and which constitutes the parameter which connect the 
pressures to the forces which are the same as the weights to be 
15 determined. 

Further, in view of the fact that the measurements are carried 
out when the load being weighed is in motion, as it will be 
described hereinbelow, for the purpose of achieving a correct 
20^ measurement, it its necessary to account for both the force of 
^J Lnertia, as well as the friction. 

The apparatus described herein is adequate to carry out the 
method according to the present inventiion as follows. 

L . I When group 1 has completed the lifting of the forks on which the 
load to be weighed is placed, the operator gives the weighing 
conmiand and by means of the group transducer/converter (9, 10), 
the processor carries out a first weighing of the load. 

30 . ^ 

This value obviously is an approximate value due to the forces 
of inertia of. the load as well as of the structure of the car- 



riage which supports the load and also due to mechanical friction 
and Josses of load along the conduits of the fluid under pressure. 

However, the extent of approximation of this first value of the 
weight is sufficient to constitute the value expressed as pres- 
sure in the hydraulic jack which, after being processed the cal- 
culator, is converted into the duration of each increment of low- 
ering of the load. 

This duration is regulated by the following formula 

■ ■■t'« h - k.P 

in which T is the period of time expressed in msec (thousandths 
of seconds) . 
h is a constant having msec as dimension and may have a value 
comprised between 500 and 2000 

k is a constant having as dimension milliseconds/BAR and may 
have a value between 1 and 36 

•P is the pressure of the fluid in the elevator cylinder expressed 
in BAR. . 

This equation is illustrated in Fig. 2. 

At the end of the lifting phase the processor 11 commands with 
signals the opening, and the closing of the electrovalve 5, the 
duration of each increment being determined by the equation 
Ijidicated hereinabove as a function of the pressure relative to 
the first approximate weighing already stored by the processor 
11. • . • . ' • . ■ 

Alternately, the duration of each increment may be fixed independ- 
ently of the load but is always comprised between 80 and 800 msec. 
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According to the. inventloii, the deterxninatlonB of the values of . 
the pressure from which the weight of . the load is derived, ar^ 
carried out when the load ifi stopped between one increment and. 
another increment ... 

When the load has stopped at the end of the increment, the pres- 
sure (P) and the time (T) have a relationship according to Fig- 3. 
and follow an oscillatory decreasing curye. 

10 The transducer begins rea:ding the values of the pressure after 
• a^period of time (A) comprised between 1 and 2 seconds and during 
the period of time (B) which is about o.ne second, carries out 
at least 16 and preferably 40. readings. 

15 Due to the formula hereinabove 

T « h - k.P ■ 

which gives the duration of each increment of lowering as a func- 
tion of the approximate weight of the; load, at the end of each 
increment the quantity m.v (mass times velocity) of the load is . 
20 about constant in spite of the variation of the mass (m) and, . 
therefore, the weight (P). 

This occurs in every instance ev^n if with minor approximation,, 
if the duration of each increment is between 80 and 800 m. sec. 

25 • ' ■ ' ' ' ■■' V* 

The average of the readings of the pressure is then determined 
and is measured after the period of time (A), that is after the 
oscillations are almost damped because the values of the pres-^ 
sure are initially selected to avoid eventual errors which, a^e 
.30 likely to occur unavoidably. 

From this operation of mathematical selection and average, .there 



are deduced at least eight values of pressure which are referred 
to hereinbelow as (PA). . 

These eight values (PA) are then averaged obtaining a value (PM) 
which is accepted for the successive elaborations only if it 
does not differ from the values (PA) of a quantity in excess 
of a prefixed reject value which is acceptable , which is between 
0.8% and I.2Z. . . 

In the contrary case* the measurement is disregarded. 

; The procedure as described hereinabove is repeated at least for 
two successive increments and preferably for at least five in- 
crement6« 

Then the arithmetical average of the values (PM) of each incre- 
ment is calculated and this average is compared with the calibra- 
tion table stored in the computer which gives the relationship 
between pressure and weight. 

This table interpolated by the calculator permits to read the 
weight with an approximation of a few percent s. 

The calibration table is calculated for each machine carrying 
out according to the procedure described hereinabove, the 
weighing of known loads being done so that it is possible, to ■ 
make an approximate calibration of the apparatus. 



PATENT CLAIMS 

1. A method of weighing a load previpuely lifted by a device 
actuated by at least, one oleodynaxnic jack which comprises carry- 
ing out in an apparatus having a calibration table the following 
.steps: .. : . 

- Determining the values of the pressure (P) of actuation of the. 
jack at the e nd of the lifting phase of the load, storing the 
said valiie of the pressure in a data processor; 

- lowerin R the loa d at the end of the lifting stage by small 
increments, the duration of each increment being independent 
of the load, and being between 80 and 800 milliseconds; ; 

- carrying out at the end of each increment ^ aft er delay of 
between 1 and 2 seconds, at least 1 6 de;terminatio^ of the 
value of the pressure and transmitting said values to the pro- 

• cessor; \ 

- selecting mathematically and averaging aaid at l^ast 16 values 
(PA) of the pressure in groups of at least two . to* obtain at 
le ast 8 decre asing v&lu.es; 

- averaging said eight viaiues to obtain a valu e (PM) and dis- 
carding said value (PM) when it differs by an amount greater 
in percent than the value predetermii^ed by each of said eight 
values; 

- repeating said procedure at the end of each increment averaging 
the accepted values (PM) to obtain an average and comparing 
said average by interpolation with the table of calibration of 
said apparatus* " 

2. The method according to claim 1 wherein the duration of each . 
increment depends on the load and the equation which controls 
the duration, of each increment expressed in milliseconds and the 
pressure (P) expressed in BAR of the jack at the end of the lift- 
ing phase is: 

.1 
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; . T - -h - k.p ■;• . . ■ 

where , h is expressed in milliseconds and is comprised between 
.500 and 2000,-' 

k expressed in milliseconds/BARy is comprised between 1 and 36 
and (P) is expressed in BAR. . , , 

3. The method according to claim 1 wherein the percentage value 
of the maximun discard predetermined as acceptable between (PA) 
and (PM) is 1.2%. 

A. The method according to claim 1. wherein during the lowering 
phase of the load, a hydraulic braking is ciarried out whereby 
the losses of the load are maintained constant as to very small 
weights as well as substantial weights. 

5. An apparatus /for weighing a load previously lifted by a lift- 
ing device which comprises an oleodynamic jack (1), a conduit 
(3) connected with said jack for feeding and unloading said jack, 
a conduit (4) connected in parallel with said conduit (3) ,. a valve 
(5), a neck (6) and a pressure transducer (9), a processor (11) . 
being placed on said conduit (4) , ' said processor (11) being capa- 
ble of receiving through a converter A/D, the values of the pres- 
sure determined by said transducer (9) and being capable of pro- 
cessing ;sai^ values and determining the value . of weight of the 

' load. ' . - ' • 

6. The apparatus according to claim 5 wherein said processor (11) 
commands the opening and closing of said valve (5). 

7. The apparatus according to claim 5 wherein said transducer (9) 
is An electrical transducer capable of converting the values of. 
the pressure into proportional signals of voltage or current. 
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8. The apparatus according to claim 3 wherein said processor (11) 
comprises means for storing the physicogeometrical data of the 
lifting group .(1) and is capable of storing the constants pf ca- 
libration of said apparatus and the signals transmitted by Bald 
transducer (9) and is capable of storing the means of processing 
of said data. 

9. The apparatus according to claim 5 wherein said processor (11) 
comprises a printing element (12) capable of showing the results 
of the processor carried out as well as a unit (13) arranged pe- 
ripherically capable of jrecor ding, totalizing and calculating the 

. results. 
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